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Perera GO. DU Cnt LON, 


M ANY diligent and elaborate refearches have been 
made by the learned to afcertain the origin, and pro- 
portions, of weights and meafures eftablifhed in va- 
rious parts of the world. From thefe inquiries it 
appears, that feveral nations attempted to derive them 
from the weight and magnitude of natural bodies, or 
fundry parts of them, viz. the human ftature, cubit, 
fpan, leg, &c.; likewife from an hen’s egg, grains 
of wheat, barley, and other fimilar produétions. 
And thefe attempts were probably owing to an idea 
of the utility that might arife from the eftablifhment 
of fimilar zzvariable meafures of length, capacity, 
and weight, upon a natural foundation. 


But the weight or magnitude of natural bodies 
of the fame denomination, being fubjeét to confider- 


B able 





Ty 
fabs 


erate mth veer evar lik ea 
Din daverearte mie inure a guemaar eee . 
. censored 


Spisenere- ene 































f a] 


able inequalities, thefe feem to have fruftrated the moft 


lod ° 


fagacious attempts to obtain invariable meafures, and 
to have reduced the feveral ftates and empires to. the 
neceflity of adopting arbitrary meafures, according to 
the dictates of their own imaginations, without any 
foundation in the nature of things. It is therefore 
obvious that weights and meafures, being thus derived: 
and eftablifhed, can have no more relation or agree- 
ment with each other, than the languages of the feve- 
ral nations by whom they were adopted; and their 
being divided into a diverfity of {maller parts, renders. 
them ftill more incoherent and embarrafling to thofe 
nations who have any intercourfe in: matters relative: 
to {cience, orcommerce; ‘See the tables annexed.. 


For although their relative proportions may be 
truly known, whereby the quantity of fpace, magni=- 
tude, or weight, afcertained by the meafures of one 
nation, may be found correfpondent to a-certain num- 
ber of meafures of another, yet it muft be owned that’ 
{uch operations not only demand an.expence of time, 
but are alfo liable toerror. [It is therefore evident, 
that the diverfity of weights and meafures eftablifhed: 
by different nations, is no {mall impediment to: the 
progrefs of /cience and commerce. 
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Weights and meafures having been thus eftablithed 
from time immemorial, have excited the atten- 
tion of {peculative minds to obviate the difficulties 
and embarraffments thence arifing: for it appears to 
have been a principal defideratum in philofophical 
refearches, to eftablifh weights and meafures upon a 
permanent, unalterable foundation, whence invariable 
ftandards might be obtained, to which all nations 
might refer, or with which they might compare their 
re{pective meafures, and reduce them to one invaria- 
ble, univerfal denomination, for the mutual conveni- 
ence and benefit of all mankind: by deriving them 
from fuch principles as might enable all future genera- 
tions to obtain fimilar meafures of length, capacity, 
and weight, and thereby render it altogether needlefs 
to cut them on ftone, or to engrave them in brafs, to 


perpetuate their exiftence. 


Such however, were apparently the motives which 
induced thofe profound geometricians, Sir Chriftopher 
Wren, and Mr. Huygens, to confider the fubject of 
invariable meafures, and to fuggeft the idea of efta- 
blifhing them upon the unerring laws of nature: 
namely, the periodical revolutions of the heavenly 
bodies, and the do¢trine of pendulums. Confidering 
B 2 time 
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time as a natural meafure, depending upon the equa- 
bility of the earth’s diurnal rotation, or the return of 
the fame ftar to the fame meridian, in equal periods 
of time, at all times of the year, and in every year 
to come. 


They likewife confidered that the lengths of pen+ 
dulums are inverfely as the f{quares of their refpective 
vibrations in a given time; or that their vibrations 
in a given time are inverfely as the {quare roots of. 
their refpective lengths. 


Upon thefe conftant, invariable laws of motion, 
thofe celebrated philofophers propofed to have efta- 
blifhed meafures of length, viz. that the length of a 
pendulum, vibrating feconds of time, fhould be taken 
for a ftandard yard, meafured from its point of fuf— 
pention to its center of ofcillation. 


Such were the principles fuggefted’ by Sir Chrifto- 
pher Wren and Mr. Huygens, as the bafis of: inva-+ 
riable meafures, obtainable: in all future ages, wader 
fimilar circumpances of latitude, elevation; rempera- 
ture, &C, 


But. 
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But notwithftanding that the principles above rela- 
ted are univerfally granted, yet, it muft be owned 
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that their application would have been attended with 
infurmountable difficulties in the executive part; and 
with great inconveniency to the public; and thefe 
objections feem to have put a final period to the 
application of that excellent theoretical plan, for one 
century at leaft. Tche impediments thence arifing, ’ 
are as follow: : 


Firft, according to the plan laid down by me-- 
chanical writers for the purpofe of afcertaining the y 
center of ofcillation, or the true length of pendu- 
Jums, feveral menfurations are requifite to be obtained’ 
with the greateft degree of precifion; and thefe are | 
of fo difficult a nature, that few, converfant in this 
bufinefs, would prefume to give fimilar refults from: f 
any two operations; but would rather previoufly con- 
clude, that every attempt muft be attended’ with an: 
accumulation of error. “The operations are to the 
following purport :: | 


Let a ball that-is perfectly /pherical, equally denje,. 
and of fome of the heavieft metals, be Jufpended by a 
firing, the fmalleft, lighteft,, moft flexible, and the 
leaft: 
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leaft. liable. to. frretch; let, the pendulum, thus con- 
ftructed, be adjufted to vibrate feconds of time, or to 
perform 86400 vibrations in the fpace of twenty- 
four hours mean time, or in one fidereal day. 


The pendulum being thus adjufted, meafure the 
diftance between the point of fufpenfion and the cen- 
ter of the ball, and likewife the radius of the ball. 
Thefe proportions are given, to find a third propor- 
tional: thus —as the length, or diftance between the 
point of fufpenfion and the center of the ball, is to 
the radius, fo is the radius to the third proportional. 
The third proportional being thus found, and divided 
into five equal parts, two of them are required to be 
transferred from the center of the ball downwards, 
or, added to the length obtained by menfuration, 
give the diftance between the point of fufpenfion, 


and the center of ofcillation, or the true length of the 


pendulum. 


Such are the mechanical operations requifite to af- 
certain the length of pendulums, whatever may be 
the number of vibrations in a given time; therefore 
the difficulties attending the application of the above 
plan, 
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plan, are obvious to artifts practically converfant in 
dividing. 


Secondly, the inconveniency arifing from the ap-= 
plication of the above plan, isequally obvious when: 
it is confidered, that the reputed length of the pendu- 
lum which vibrates feconds-in the latitude of London, ’ 
is 39,2 inches, and the ftandard yard is only 36 inches:: 
for if the former was eftablifhed as a ftandard yard, it 
would certainly occafion a great alteration in the cuf-- 
tomary meafures of England, and confequently create: 2 
great confufion and inconveniency to the public.. 


This conjecture is abundantly verified by the quan- 
tity of time elapfed fince the promulgation thereof 3. | 
for it does not appear that the fubject of invariable 
meafures was refumed again: before the year 1741, 
when that learned philofopher, Mr. Andrew Bochem; 
fuggefted. the idea of obtaining invariable meafures 
from the laws of motion, but in a very different man-- 
ner; namely, by the admeafurement of the {pace heavy: 
bodies. defcend through in one fecond of time.. See 
Act. Philof. Medic. Sec: Academ: Scient, Principal : 

Hefliz. page 5, 1771: but this excellent theory, like | 
the former, would have been attended with too much: 
difhculty 
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difficulty in the executive part, to admit of a tolerable 
degree of precifion, when it is confidered that the velo- 
city heavy bodies have acquired at the expiration of one 
fecond of time, is nearly 3,86 inches in’sts part of a fe- 
cond; therefore the quantity of {pace bodies move 
through in one. fecond, is not eafily afcertained by 
practice. 


In the year 1774, the fociety inftituted for the en- 
couragement of arts, manufactures, and commerce, 
took the fubject of invariable meafures into ferious 
confideration, at the inftance of Mr. Steel, a worthy 
member thereof, and advertifed the reward of a gold 
medal, or the fum of one hundred guineas to any 
perfon refiding in any country whatever, who fhould 
difcover and communicate to the fociety, on or before 
the third Tuefday in March, 1775, a mode whereby 
to obtain invariable ftandards for weights and mea- 
fures, communicable at all times, and to all nations; 
but the liberal encouragement thus held out to the 
public, was not productive of a fingle attempt; there- 
fore the fame advertifement was repeated the follow- 
ing years, viz. 1776, 1777, and 1778. | In’ confe> 
quence thereof, on the third Tuefday in March 1979, 
five. plans were prefented to the fociety; amongft 


which, 
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which number, that invented by Mr. John Hatton, 
Watchmaker, in London, was the moft approved, 


though not perfected to the degree of accuracy re- 
quired in the conftruction of invariable meafures. 


The fuperiority of Mr. Hatton’s plan confifted in 


the application of a moveable point of fufpenfion to: 


one and the fame pendulum, in order to produce the 
full and abfolute effect of two pendulums, the diffe- 
rence of whofe lengths was the intended meafure. 
But notwithftanding the fuperior excellency of Mr. 
Hatton’s idea, it muft be owned that the ingenious 
author was not equally happy in the mode of reducing 
it to practice. However, as the idea was new, and 


apparently capable of being carried to a much greater 


degree of perfection, the Society, in confideration of 
its merit, and as fome encouragement to re-confider 
the fubject, prefented him with the fum of thirty 
guineas; and they alfo renewed their former adver- 
tifement as a farther inducement to improve his plan, 
in hopes of obtaining the end propofed the following 
year, but were difappointed in their expectations ; 
for feveral years elapfed, and no fteps were apparently 


taken by Mr. Hatton towards a more effectual appli- 
eation of the principles he fuggefted ;. it was therefore 


G generally. 
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generally fuppofed the inventor of this machine had 
totally declined any farther confideration of the fub- 
ject. Thefe confiderations, together with the favour- 
able opinion I entertained of his fcheme, induced me 
to attempt fome improvement in the conftiu¢ction 
of Mr. Hatton’s apparatus, in order to preferve 
his idea from being too haftily abandoned. 


Having had the honour of attending at the exhi- 
bition of the feveral plans, at the requeft of the Society, 
and of examining amongift others the defign and con- 
firuction of Mr. Hatton’s apparatus, I became per~ 
fuaded in my own mind, that it was capable of being’ 
improved fo far as to anfwer its purpofe with a greater 
degree of accuracy than may be generally imagined ; 
I was therefore induced to refume the fubject of in- 
variable meafures, and to attempt the conftruction of 
an apparatus with which experiments have been 
making for feveral years paft, which leave little room 
to doubt, but that meafures of length may be obtained 
with precifion; notwithftanding the prejudice which 
prevails in the minds of many eminent philofophers 
againft the accuracy of pendulous experiments, and 
particularly againft the application of maintaining 
powers, . which arife from a conception. that fuch ap- 
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plications muft neceflarily accelerate, or retard, the 
vibrations, and render the refult fallacious. And it 
muft be owned, that according to the general con- 
ftruction of clocks a century ago, they were liable to 
produce fuch effects. But it is well known by thofe 
who are converfant with the modern improvements 


of clockwork, that the maintaining power may be: 


fo applied as not to interfere in any fenfible degree 
with the vibrations; and fuch provifion is made in 
the conftruction of the apparatus as will effectually 
prove the truth, or fallacy, of fuch conjectures.. 


For though fundry impediments unavoidably ac- 


company the conftruction of time-keepers, and inter-. 
fere in fome degree with the menfuration of time, fo. 


as to exclude the refult of fuch experiments from any 
pretenfions to mathematical exactnefs ; yet it evident- 
ly appears, from a feries of feveral years experi- 
ments, that meafures may be obtained from the menfu- 


ration of time, fufficiently accurate for the various. 


purpofes of human life. To what degree of accu- 
racy fuch machines-are capable of being brought, will. 
beft appear from. the experiments themfelves. 
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During the courfe of the obfervations, we have 
been under the neceflity of proceeding without. the 
aid of a tranfit inftrument, though fo effentially ne- 
ceflary for the adjuftment of the pendulums; on which 
account no journal has been kept of the time, tem- 
perature, &c. which might have been naturally ex- 
pected. But as a fubftitute for that inftrument, Mr. 
Dutton has, in a very obliging manner, indulged me 
with free accefs to his regulator, upon which the 
mentfuration of time, by the two pendulums, has been 
adjufted ; therefore I do not apprehend that any confi- 
derable error has arifen, or indeed could arife from 
that circumftance, in the meafure obtained: 


Frorii the principles here adopted, the length of 
the feconds pendulum, or the force of gravity, in 
different latitudes; may be obtained with great pie- 
cifion. 


Upon the whole, I would fain hope that’ this 
little attempt will not be deemed unworthy the pa- 
tronage and protection of all real lovers of feience 
and commerce: , 

As 
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As the machine which Mr. Hatton invented is 
carefully preferved in the Society's mufeum, for the 
infpection of the public, it is needlefs to defcribe its 
conftruction, or to point out the inftances wherein 
the apparatus does not effectually anfwer the end 
propofed. 


For the fake of brevity, the following account 
contains no more than a defcription of the apparatus 
in its improved ftate, and nota detail of the various 
fteps which have been taken to obtain its prefent 
degree of perfection. 


an ATTEMPT 
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SEGTION i. 


Of the general Defign of the Apparatus. 


Previous to a defcription of the apparates 
adapted to the purpofe of obtaining invariable mea- 
{ures, it may not be improper to premife the principal 
objects of its conftruction: 

Firft, 
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; Firft, it is propofed to obtain a meafure of the 

| ereateft length conveniency will permit, from the 
‘| menfuration of time, with eafe and certainty; pre- 
| fuming that a meafure of confiderable length may be 
| fubdivided with a much greater degree of accuracy, 
( than a fhort one can be multiplied into a longer. 


i Secondly, it is propofed to obtain the meafure from 
| two pendulums, whofe vibrations are to each other as 
| two to one, and whofe lengths coincide with the 
Englifh ftandard in whole numbers, either feet or inches ; 
| in order to. fimplify, the operations depending upon 
(. them, and alfo with a view of eftablifhing the Britith 
meafures upon a watural permanent foundation, which 
may enable all future generations to obtain fimilar 
meafures with eafe and certainty. 


Such are the objects to be obtained by the con- 
ftruction of the apparatus. 


According to the doctrine of pendulums, the 
number of vibrations performed in a given time, 
are inverfely as the fquare roots of their refpective 
lengths ; and yet we find but few inftances wherein the 
lengths of pendulums coinciding with Englifh mea- 
fure,. 
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fure, whofe vibrations in a given time, confilt of whole, 


ths and vibra- 


oO 


and divifible numbers ; and yet fuch len 


tions only, will anfwer the purpofe required. 


‘Then fince the affumed length of the feconds pen- 
dulum in the latitude of London, is 39,2 inches ; 
and according to the refult of the following theorem, 
pendulums which vibrate 42 and 84 times in a mi- 
nute coincide with Englifh meafure, viz: 

Bie MOO? 134. 3.952' 80 
: Inches. 
SAPO NS" 70 rsh 20 


Such are the lengths and vibrations of the two pen- 
dulums applied in the conftruction of the apparatus, 
and the difference of their lengths is the meafure pro- 
pofed to be obtained, viz. 80—20=—=60 inches; and 
this, independent of the mechanicai operations re- 
quifite to afcertain the center of ofcillation, or the 
true length of pendulums. 


The refult of this reafoning would have been 
firitly true, provided the ball were infinitely {mall, 
and the affumed length of the fecond’s pendulum were 
alfo true, viz ==39,2 inches. But fince the accu 
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racy of thefe experiments depends very much on the 
momentum of the ball overcoming, in fome degree, 
the refiftance of the medium, and alfo the inequalities 
of the impetus on the pendulum, it becomes requifite 
to apply fuch a quantity of matter in the magnitude 
thereof, as will effectually anfwer thofe necedlary 
purpofes. Confidering likewife, that great advan- 
tages may hereafter arife from the magnitude of the 
pendulum ball correfponding with an aliquot part of 
the length of each pendulum; and that a metallick 
globe, two inches diameter, not only coincides with 
an aliquot part of the length, but may alfo be confi- 
dered as containing a futhcient quantity of matter 
to produce the momentum required for the accuracy 
of the experiments. Hence a globe according to the 
above magnitude is particularly chofen for the pendu- 
lum ball; for its radius being one inch, or rather 
of the longer pendulum, and « of the fhorter, this 
renders it more capable of being obtained with facility 
in any future age by approximation, from the men- 
{uration of time alone, than if it confifted of frac~. 
tional parts of the length thereof. 


Such were the motives which induced me to ap-. 
ply a pendulum ball, radius = 1 inch. 
Now 








faeroy | 


Now the radius of the ball being 1 inch, and the 
diftance between the centers of ofcillation of the 
two pendulums and the center of the ball, being in 
the inverfe ratio of their refpective lengths, renders 


the above computation not ftri¢tly correét — Thefe 
are truths well known to mathematicians: but more 


of this in its due place. 


It is likewife equally well known, that the times of 
vibration are only ifochronal whilft the pendulum 
defcribes fimilar arcs. Since their times are directly 
as 8 R + V, or as § times the radius added to the 
verfed fign of the arc defcribed; or as the number 
51840 added to the {quare of the number of degrees 
contained in the arc: it is therefore evident that pen- 
dulums actuated by the force of gravity alone, inde- 
pendent of a maintaining power, whofe arcs of vi- 
bration gradually diminifh till they come to reft, can- 
not be adjufted with the fame degree of accuracy as 
thofe which defcribe equal arcs for the {pace of feve- 
ral weeks, months, or years. 


Whence it appears that the application of a main- 
taining power becomes abfolutely neceflary, to com- 
D 2 penfate 
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ot 
penfate for the refiftance of the medium, and which 
may neither accelerate nor retard the vibrations; but 
the poffibility of fuch an application as will effectually 
anfwer thofe important purpofes, has been much doubt- 
ed; therefore, as fuch opinions, however erroneous, 
may poflibly prejudice the minds of many againft the 
accuracy of fuch experiments, and as the propofition 
afferted is rather to be demonftrated by experiment 
than by reafon; provifion is made in the conftruction 
of the apparatus, whereby the truth or fallacy of fuch 
conjectures may be truly afcertained. 


And in order to fhew whether the plan adopted i 
capable of being reduced to general practice, the 
movement or maintaining power is not made effential- 
ly different from that of a common eight-day clock, 
nor is it executed with more than common care; pre- 
fuming that if the refult of the experiments depended 
upon too much accuracy in the executive part of the 
apparatus, the plan would be the lefs generally ufeful. 


Therefore the train confifts of the ufual number of 
wheels and pinions, containing the ufual number of 
teeth, the firft pinion excepted, being No. 12, asa 
means of rendering the impetus on the pendulum ra- 
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ther more equable, and the pendulum wheel No. 21, 
in conformity to the vibrations of the pendulums. } 


The dead fcapement is applied, with the addi- 
tion of a counterpoife to the pallats, in order to ad- 
juft their center of gravity, and render their vibra- 
tions coincident with thofe of each pendulum, viz. 
42 and 84 in a minute, and this in order to remove 
their fuppofed tendency to accelerate or retard tlie 
vibrations of the pendulum. 


The pendulum is thus conftru¢ted: it confifts of 
a folid, /pherical, leaden ball, two inches diameter,. | 
its weight 25 oz. rodwt. 11 gr. or 12261 grains troy 
weight, fufpended by @ flat fieel wire, tempered, 80 
inches of which is nearly equal to 3 grains. 


Such is the conftruction of the pendulum; and. it 
has already been obferved that the magnitude of the 
ball is particularly chofen as being an aliquot part of 
the length of each pendulum, and more eafily obtain- 
able by approximation from the menfuration of time, 
and therefore it becomes. more immediately inftrumen- 
tal in perpetuating the exiftence of the meafures thus 
derived ; for although a little variation in the magni- 

, tude 
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be 
tude of the ball will only produce an infenfible error 
in the length of the ftandard meafure, yet it never- 


thelefs becomes defirable to proceed by {imilar means 


to obtain: fimilar refults; therefore it is an object 
of fome importance to apply the above radius, 
viz. ys of the longer pendulum, and ~. of the fhorter, 
as the only means of perpetuating the exiftance of 
the fame meafure to the end of time. 


It has been objeéted by fome that the quantity of 
cohefion contained in fo {mall a quantity of matter as 
that of three grains in a wire == 80 inches, is not ca- 
pable of fuftaining the weight of the ball without 
ftretching, but if an equal menfuration of time, foF 
the {pace of feveral months or years, is any proof to 
the contrary, fuch teftimony is not wanting. 


Having premifed the general plan of the apparatus, 
it now remains to give a particular defcription of 
its conftruétion, 
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Of the Conftruction of the Apparatus. 


Ler aaaab b plate I, fig. r, reprefent a 

wooden frame, made of two-inch deal plank, ftrait | 
grained, according to the fcale annexed. Deal is : 
particularly chofen in preference to many other fub- 

ftlances as being lefs liable to expand and contraét 

length way of the grain than the generality of 

timber. 


The ftrength of the frame is intended to give: 
greater ftability to the vibrations, and render the 
refult of the experiments more certain. ph reprefents. 
a brafs ruler about five feet two inches long, and 3 
of an inch thick, let into the plank, till its upper furface: 
coincides with the plane thereof. Its lower end is. 
permanently fixed by a {crew at p, its upper end is. 
alfo fixed by a fcrew at h, but with full liberty of 
expand-. 
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expanding or contracting according to the tempera- 
ture of the feafons. 


Fig. 2, reprefents the fame frame with a part of 
the apparatus annexed. A a ftrong brafs plate, to 
which the movement or maintaining power is con- 
nected by means of four pillars or dial feet. To the 
fame plate the moveable point of fufpenfion m is 
permanently fixed, between the chops of which 
the pendulum wire paffes, and in which it is fixed at 
pleafure by means of a fcrew comprefling them to- 
gether. To the fame plate is alfo fixed a feale of 
degrees to meafure the arcs of vibration. T the 
fituation of the cord barrel ; H the pulley over which 
the line paffes to fufpend the weight or power W; p 
h the brafs rule before defcribed. But the parts 
are fo much reduced to fhew their feveral relations 
or fituations upon the frame, that they are there- 
by rendered too minute to be well defined; there- 
fore they are reprefented according to their real mag- 
nitudes in the following plate. 


Plate IT, fig. 2, reprefents the plate A before de- 
{cribed,; N the moveable point of fufpenfion, c c its 
chops, between the parts of which the pendulum wire 


paffes 
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paffes, and in which it is permanently fixed at plea- 
fure by means of the fcrew S, as it were in the chops 
ofavice. DDD D four pillars or dial feet : of an 
inch long, whereby the movement or maintaining 
power is connected with, or detached from the pen- 
dulum at pleafuree M M the fcale of degrees, to 
meafure the arcs of vibrations. RRR the brafs ruler 
before defcribed, lying under the plate A, and alfo 
under the apparatus L, plate II, fig. 1.. By means 
of this apparatus the long pendulum is adjufted. B 
a brafs cylinder through which a fteel fcrew aa 
paffes, the end of which refts upon L, fig. 1, at y. 
oo a part of the cylinder which projets at, right- 
angles from it, and upon which projection the pendu- 
lum is. fufpended when the wire is at liberty in cc. 
Now 0 o being raifed or lowered by the fteel {crew, 
lengthens or fhortens the longer pendulum, by previ- 
oufly opening the chops of the moveable point of 
fufpenfion: the pendulum wire being fixed: in q q by 
means of a pin. 


At the upper end of the {crew a a, a wheel No. 25, 
is fixed for the nicer adjuftment of the pendulum, 
one tooth being == ;4,, of an inch.in the length of 
the pendulum. 
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The plate A, Fig. 2, is fixed to the frame as be- 
fore dire¢ted. The two pillars being inferted at P P 
for that purpofe; and the apparatus L is immovably 
fixed to the frame by means of feveral {crews, 


L, Fig. 5, reprefents a tranfverfe feétion of the 
plate A, to which the moveable point of fufpenfion 
N is conne¢ted, and in which the pendulum wire is in- 
clofed ; whence fome idea may be formed of its ftabi- 
lity. dd, fig. 4, reprefents the crutch through which 
the wire pafles; ¢c¢ the counterpoife to the pallats; 
6 the moveable ball whereby their center of gravity 
may be adjufted, to render the vibration equal to 
thofe of each pendulum, viz. 42 and 84 per minute. 


Fig. 3 reprefents the form of the pillars which are 
inferted into the plate A, and pafs between the 
planks to connect the apparatus to the frame. 


Fig. 6 reprefents the inftrument adapted to draw 
the two lines on the ruler when the pendulums are 
adjufted: but more of this hereafter. 


Plate III reprefents not only the dial plate, but 
alfo the front plate of the movement frame; the in- 
dexes 




















ed 


dexes being fixed on the pivots of the firft, and pen- 
dulum wheel pinions. c¢ c¢ the counterpoife; 4 the 
moveable ball, applied to adjuft the vibrations of the 
pallats. 


The preceding account of the apparatus may ferve 
to convey fome idea of its conftru¢ction, to thofe who 
are converfant with the mechanifm of clocks or 
watches; therefore it may be altogether needlefs to 
attempt a more explicit defcription thereof; however 
it may be neceflary to give fome account of the mode 
by which it has been applied. 
































SEQTION III. 
Concerning the Application of the Apparatus. 


Ras a may not be improper to obferve, that it 
was found convenient to fix the apparatus in a diago- 
nal direction in the corner of a room, fo far detached 
from the walls as to allow fufficient room for one’s 
hand to pafs behind the frame, to fix or detach the 
apparatus as. occafion may require. 


2. The frame being conne¢ted to the walls at the 
upper and lower ends, renders it fufhiciently per- 
manent. ‘The brafs ruler R R R being fixed as before 
directed, and alfo the adjufting apparatus L, fig. I, 
plate II. together with the plate A, fig. 2, let the 
pendulum be fufpended upon 0 0, fig. 1, its wire paf- 
fing through the chops of the moveable point of fufpen-. 
fion cc. : 

3. As preparative to the menfuration of time, reft 
the pallats upon a proper fulcrum, and adjuft their 

3 vibrations 
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vibrations to coincide with thofe of the pendulums, 
viz. 42°and 84 times in a minute, by means of the 
ball 8, and make fuch marks on the arm of the lever 
cc, as the ball may be returned to the fame place 
hereafter. 


4. The vibrations of the pallats being thus adjuft- 
ed, fet the ball 4 to perform 42 vibrations in a mi- 
nute, and having applied the maintaining power to: 
the pendulum, proceed to experiment. 


5. The pendulum being then adjufted to perform 
42 vibrations per minute, or 60480 times in the {pace 
of 24 hours mean time, and this under. a temperature 
60 on Fahrenheit’s fcale. 


6. The apparatus being thus prepared, let a line 
be drawn upon the brafs ruler R R R, along the edge 
of the plate A, fig. 2, plate II, at Y, with the inftru-. 
ment A, fig. 6, the open end S pafling underneath 
the head of the {crew S, plate III, and the other end 
bearing upon the plate A, at Y, plate II.. By this 
means it is prefumed that no error can arife by draw- 
ing the lines, as might have been the cafe, from the. 
hand alone. 

7 Note 
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7- Note the quantity of *the arc defcribed by the 
pendnium, viz. 3° 20’, difengage the wire in c c, 
and detach: the maintaining power from the frame, 
and flide it down to reft upon the point ‘of the fcrew 
o, plate I, fig. 1. The apparatus being refixed 
to the frame, and alfo the wire in the moveable point 
of fufpenfion, ‘proceed to the fecond adjuftment of the 


‘pendulum, .by means of the fcrew-o, plate I, fig. 1, 


having previoufly removed the ball 4, to vibrate 84 
times per minute. 


‘8. ‘The movement being thus prepared for a fecond 
experiment, let the pendulum be adjufted to perform 
84 vibrations per minute, or 120960 in the fpace of 
24 hours mean time, and draw another line upon 
the ruler as before directed, and note the arc of vi- 
bration, viz. 3°: 20; it being requifite that-the 
arcs of vibration fhould be fimilar to the former, and 
performed in the fame temperature of air. 


Thus meafures of length, nearly equal to five feet 
Englifh meafure, may be obtained from the menfura- 
tion of time, with much more accuracy than has ge- 
nerally been imagined; and this independent of the 
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mechanical operations requifite to afcertain the cen- 
ter of ofcillation, or the true length of pendulums. 


























osm Pr wire et nae 


Petr etestemucgrnaietbepape 9 An Pa2ad Aspe N ea 


nen 


= 
ose bebein 


tee ore 
: bale : 
353 pasar heaters 


arene 


SSE 


The meafure or fpace between the two marks 
thus obtained, is not 60 inches, according to the re- 
fult of. the preceding problem, but 59,892 inches, -% 7.7 


4 te Laxx vily. IBS, 
according to Mr. Troughton’s ftandard, which feems. 141. 4 ¢ 


hachlugh—, 


to indicate that the. pendulums were not accelerated. iy tenes 


4 ee 
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bythe maintaining power, .as is generally fuppofed 5. 900°. 

fince the lengths of the pendulums muft have been eae 
: é O>9. BY358 

increafed to compenfate for that effect in the men-. 2. Ajai 
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furation of time. However that. may be, fuch is... on 
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the refuit of the experiments ; whence it appears that 7" 
the length of the pendulum vibrating feconds of time. 
in the latitude of Landon, has been computed and - 


found == 39,1196 inches, and not 30,2 inches, as-2x' Schoo” 
A Me-we Cenvcrs % 


commonly fuppofed. yee 
Ph. Te. 818. 


agen 
Sarrytreter etre 
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According to the above datum, or length of the 
fecond’s pendulum, viz. 39,1196 inches, it appears 
that heavy bodies defcend through the {pace of 16,084 ~ 
feet in one fecond of time, which is near 16 feet and - 
one inch ; therefore fince the refult of the preceding 
experiments: fo nearly coincide with the laws of. 
motion, may we not thence infer that the maintain- 

ing 
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‘ing power has no improper effect on the vibrations of 
‘the pendulums; but only compenfates for the refiftance 
‘of the medium, and neither accelerates nor retards the 
vibrations ? However, fuch are the effeéts produced, 
and therefore I have not the leaft reafon to doubt but 
that future experiments will abundantly confirm the 
truth of the former, and fully perfuade mankind that 
invariable meafures may be obtained from the men- 
furation. of time, under fimilar circumftances of la- 
titude, elevation, temperature, &c.; and that by the 
fame means the force of gravity, or the true length 
of a pendulum vibrating feconds of time, may be 
af{certained with a confiderable degree of precifion in 
all latitudes. 


Having previoufly obferved that the two pendu- 
lums defcribed fimilar arcs, viv. 3°: 20 nearly, it 
may not be improper to take notice, that in order to 
produce thofe effects, the apparatus requires powers 
proportional to the refpective lengths of each pen- 
dulum, viz. the 80-inch pendulum a power == 32 
ounces troy weight; and that of 20 inches, a power 
== 8 ounces. 
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Of Meafures of Capacity and Meafures of W 


Havine premifed the conflru¢tion and the 
application of the apparatus, and compared the 
refult of the preceding experiments with the Englifh 
ftandard, we have now to confider the moft ef- 
fectual mode of obtaining meafures of capacity 
and meafures of weight, from the fpace obtained 
from the menfuration of time, and this with a 
view of rendering their feveral relations fubfervient 
to each other, at any future period of time, if occa- 
fion fhould require. 


It has already been obferved that the meafure 
or {pace obtained from the menfuration of time 
is 59,892 inches Englifh meafure; which we pur- 
pofe dividing into five equal parts, and each of 
thofe parts into ten. 
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And as the meafure thus graduated is derived 
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from the laws of nature, it may not be impro- 
perly diftinguifhed by the appellation of @ philofo- 
phical meafure, in contradiftin¢tion to all other 
meafures now exifling. 


The divifion of the foot into decimal parts, 
is not altogether adopted to facilitate the bufinefs 
of arithmetical computation, but rather in confe- 
quence of the number 10 being the cube root 
of rooo. For fince a cubic foot of rain or dif+ 
tilled water is 1000 ounces, avoirdupois weight, 
1 cubic inch of the above meafure will — 1 ounce. 


Hence it is propofed to obtain original ftandards 
for weights nearly correfponding with the Englifh 
avoirdupois weight; and, as fuch, may be con- 
fidered as a permanent bafis to found the latter upon > 
by which means the relation between thofe of 
length, capacity, and weight, maybe effectually 
preferved; infomuch, that the former might be de- 
tived from the latter, if occafion. fo required. 


In order to obtain meafures of weight from thofe 
of length, let us fuppofe a cubic veffel accu- 
rately 
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rately conftructed from the above meafure, to con- 
fift of any number of cubic inches, which are divi- | 
fible to unity, and let the weight of the water con- 
tained therein be taken for an original ftandard 

weight. 


Now, fince the weight of one cubic foot of rain, 
or diffilled water, is 1000 ounces avoirdupois weight, 
one cubic inch of philofophical meafure becomes 
equal to one ounce: therefore if a cubic veffel is 
conitructed to contain 64, or 512 cubic inches, the 
contents of the former becomes == 64, and the 
latter == 512 ounces: thefe numbers being divifible to * 
unity, either of them may be taken for an original 
flandard weight, capable of being fubdivided by 
means of a good balance, or multiplied to any 
greater extent: but let it be remembered that the 
accuracy of thefe experiments, like the former, de- 
pend on the fame temperature, viz. 60°. 


Such are the modes propofed for obtaining mea- 
fures of length, capacity, and weight, from the men- 
furation of time: therefore, fince all the operations 
depend on the application of whole numbers, they 
are thereby rendered more fimple, and lefs liable to 
F 2 error 
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L 
error than if they depended in any degree on frae- 
ticnal parts. And being thus derived, their ana- 
logy, or relation to each other, becomes the more 
obvious. 


Now, fince it appears that avoirdupois weight may 
be thus eftablifhed upon a permanent, unalterable 





foundation, may it not with propriety be adopted as 
an invariable ftandard for troy weight? For, having 
once truly compared the weights of thefe different 
denominations together, and afcertained their relative 
proportions, viz. the number of grains troy con- 
tained in ten, twenty, or any other number of 
(| ounces avoirdupois, the latter becomes thereby an 
invariable ftandard for the former. ) 


Having premifed thefe matters we have now to 
confider the conftruction of a cubic veffel, as an. 
original ftandard for weights. 


: It has already been obferved, that the contents of 
a veilel = 64, or 512 cubic inches, may be con- 
veniently adopted for that purpofe, as being divifible 
to unity; but whether the former or the latter will 
admit of the greateft degree of accuracy in the ex- 

ecutive 
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ecutive part, I leave to the decifion of the artift who 
may undertake the conftruction of it. However it 
may not be improper to add, that fince the fuper- 
ficial contents of the larger veffel is to that of the 
{maller as 4 to 1, while their folid contents are as 
8 to 1; the former may poflibly admit of more ac- 
curacy in the executive part than the latter, 


In-order to avoid any error that might arife from 
the inaccuracy of filling an open veffel with water, it 
is propofed to conftruct a cubic veffel confifting of fix 
complete fides, and to perforate. one of its corners 
for the admiffion of .a funnel, and alfo to fix the 
veffel in a diagonal direction to the horizon. In this 
polition the veffel will receive its water, fo as to ex- 
pel the contained air. The weight of the.vefiel hav- 
ing been previoutly afcertained, the additional weight 
arifing from the water contained therein, when com- 
pletely full, becomes an original, invariable ftlandard 
for avoirdupois weight; obtainable in all future ages, 
under fimilar circumftances of temperature, &c., to 
the end of time: for it is reafonable to fuppofe, that, 
from fimilar caufes, fimilar effects will arife. 


But, however that may be in reality, fuch are the 
ideas 
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ideas which have hitherto occured on that fubjec re- 
lative to the original conftruction of meafures, both of 
length, capacity, and weight: for fince it appears, 
from fundry experiments, that an alteration == ;2,, of 
an inch in the pendulum whofe length is 80 inches, 
will produce a fenfible alteration in its menfuration of 
time; may we not thence infer, that the refult of fuch 
experiments, with the aid of a tranfit-inftrument, 
muft be attended with a confiderable degree of 
accuracy? for fince the meafures of capacity and 
weight deduced from thence, depend altogether upon 
whole numbers, it is reafonable to expect that a con- 
fiderable analogy in the accuracy of their conitruc- 
tion may enfue. 


The moft ufeful and moft advantageous application 
of weights and meafures being a fubject univerfally 
known, with regard to their feveral divifions and 
combinations, it feems altogether needlefs to fuggeft 
a fingle idea on that head. I fhall therefore proceed 
to give fome account of fundry experiments which 
have been made to afcertain the effeéts produced by 
the maintaining power on the vibrations of the pen- 


dulum. 
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S:-EC.TIO.N_.-V. 


Of fundry Experiments tending to afcertain the 
Effects produced on the Vibration of the Pendu- 


lum by the maintaining Power. 


Provision having been made in the conftruc- 
tion of the apparatus, with a view of afcertaining the 
influence of the maintaining power on the vibrations. 
of the pendulum, the following experiments have 
been repeatedly made with fimilar refults : 


I. It may be neceffary to obferve that the apparatus 
is purpofely conftructed to. detach the maintaining 
power from the pendulum without interfering in any 


degree with the vibrations. 


II. When the pendulum has been perfectly adjufted 


to perform 42 vibrations per minute, and has been 


going at that rate for the {pace of feveral days or 


I. weeks, 
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weeks, and at the fame time defcribing an arc of 


3° 


20 ;onearly, 


Under thofe circumftances the maintaining power 


_has been detached from the pendulum, and its vibra- 


tions have been carefully obferved and compared by 
thofe of a pendulum vibrating feconds, by which the 
former was adjufted — And the following effects were 
produced, viz.; in the fpace of 62 minutes the arc 
of vibration diminifhed from 3°: 20’, to 1°: 40; 
and the time gained from the diminution of the arcs, 
nearly half one vibration. 


Such having been the refult of feveral experiments, 
render the effects produced on the pendulum fubject » 
to computation, according to the rules laid down 
page 5: whence it appears, that the maintaining 
power only compenfates for the refiftance of the me- 
dium, and neither accelerates nor retards the vibrations, 
though a contrary opinion has generally prevailed. 


And as fome farther teftimony of the eflicacy ac- 
companying the urging or maintaining power, an in- 
genious Mathematician * has favoured me with the 


* John Rotheram, M. D. 
follow - 
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following problem computed from the defcription of 
the apparatus, and the refult of feveral experiments 
made therewith. The problem having been ex- 
amined and approved by Charles Hutton, LL. D. 
profeflor of mathematics in the Royal Academy of 
Woolwich, I prefume it may be acceptable to many 
mathematical readers. 
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«« THE meature is the difference of the lengths 
*¢ of two pendulums whofe times of vibration are 
‘¢ known to be 84 and 42 in a minute: from this 
«« datum the accurate length of a feconds pendulum 
<*. may be obtained. For let y == the length of the 
** fhorter pendulum, viz. the diftance between the 
** point of fufpenfion and the center of the ball. 
«“ Then y + d = the diftance between the point of 
‘* fufpenfion and the center of the ball of the longer 
‘*-pendulum ; d@ being == the diftance between the 
‘** two points of fufpenfion == 59,892 inches. 
G «« Now 
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‘¢ Now the radius of the ball being one inch, and 
the weight of the rod, or the fufpenfion wire, be- 
‘ ing almoft infinitely {mall in proportion’ ,to. the 
weight of the ball, by the! defcription of the appa- 
ratus; the diftance between the center of the ball 
of the fhorter pendulum and its center of ofcilla- 
tion wiil be exprefled by —-. Vid. Emmerfon’s | 
Fluxions, § 2. prob. 18. exampl. 16.; fo that the 
true length of the fhorter pendulum, viz. the dif- 
tance of the point of fufpenfion from the center 


of ofcillation, will be y + aor And by the fame 
reafoning the true length of the longer pendulum 


will bey + d+ But by mechanics, the 


5 ie al ll 
lengths of pendulums are as the fquares of the 
times of. vibrations, and in this cafe the time of 
one vibration is twice that of the other: therefore 
sy aah > y+ 4 aan 2: 1°: 2?; from whence 
this equation, 4 9 + = = 9 + d+ —7— which 
gives, after proper reductions, y == 19,939 inches 
the length of a pendulum to beat 84 times in a 
minute; then to find the length of a pendulum to 


beat feconds, 


“© 60? : 84? =: 19,959 : 39,1196 inches the 
length of the feconds pendulum, 
«¢ From: 
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«* From whence we obtain the fpace heavy bodies 
«¢ defcend through in a fecond: for by mechanics, 
s¢ the time of one vibration : the time of a body’s 
*« fall through ¢ the length of the pendulum :: 
‘© the circumference of a circle : the diameter, viz. 
«6 32°3,1415, &c:: 4; and the fpaces are as the 


* fquares of the times : therefore 1*: 3,1415 &c.|*:: 
ce 391199 5 193,047 inches == 16,087 feet, or 16 


2 


*¢ feet and an inch very nearly.” 


Therefore fince the refult of this reafoning fo 
nearly coincides with the laws of motion, with refpect 
to the {pace heavy bodies fall through in one fecond 
of time, may we not thence infer, that a confidera- 
ble degree of accuracy may be obtained from the plan 
adopted? infomuch as to prefume that future experi- 
ments may eftablifh this bufinefs upon a-permanent 
foundation—But however that may be, I have the 
fatisfaction to lay before the public a faithful account 
of the progrefs I have made in this neceflary work, 
though confcious much more remains to be done 
than either my abilities or leifure will permit. 


The following tables are only inferted to fhew, in 
fome degree, the prefent ftate of weights and mea- 
| G2 “ fures, 
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fures, eftablifhed in many parts of Europe; whence 
fome idea may be formed relative to the great embar- 


rafments daily arifing from the diverfity and: incohe- 
rence of them in matters of {cience and commerce. 


P. S. Omited in page 23, to mention, that ori- 
ginal ftandard weights may alfo be obtained hydro- 
ftatically, by immerging a metalic cube, confiructed 
according to the preceding dimenfions, in water, 
temperature == 60°. 
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A Tasie of foreign Meafures carefully compared 
with the Englifh; fhewing the great diverfity of 
their Lengths, and the Number of Parts inte 
which each Foot, Ell, &c., is divided, 


Suppofe the Englifh foot divided into to00 equal 
parts, thofe here mentioned are in’ proportion to 
it, as follows: Main 





. Length of Feet 
Places. Foot compared.jin Englith Inch- 
: esiand Tenths. 





London - - - - 1000 m3 oF! 
Paris, Royal - - - 1068 2,8 
Amfterdam - = - - 1}. 942... ig ene 
Brill = - “- te |- 1103 ti PRN 
Antwerp - - - - 946 ery 
Dott - - + - - 184 f TrA62 
Rynland or Leyden - 1033 Pasa 
Lorain - = = + = 958 II, 4 
Mecklin ~ - - - g19 11,0 
Middleburg - - - - 9gt Dig 
Strafbourg - - - - 920 Ir, 0 
Bremin - - - - - 964 | Ir, 6 
€Coloyn - - - - - 954 11,4 
Frankfort ad Manum. - 948 II, 4 
Spanth = = - - - IOOI 1230 
Toledo ~- - - - - 899 10; 7 
Roman - - - =]. 967 BESO 





Bononia 





Bononia 
Mantua «0 "=." 27S 






Venice PSone 2d a.3 5 
Dantvick*. Sie) ij.) 4 







Copenhagen’ (f= > = 








Prague .- =.=. =..- 
Riga s+ -« = - = 
Data tank detec ck & 






The Greek «© = «- ‘- 
Old Roman = = - 


Bonohian::j= -«.< jx 














Places. 


Lyons - - - - ibs 3976 
Boulogne - = = - = 2056 







NY &o 
= 
iy 
vy 

co NY 





Amfterdam - - + - 
Antwerp - =. - = 
Rynland or Leyden = + 
Frankfort = .- - |-. 
| Hamburgh +.,+ - 






iS) 

NS) 
=ey 
Go 

Nn bh 
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1S) 
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ON 
O 
~) 
SS) 
Lael 





=) 
co 
iS) 
ON 
Lal 

Ne) 

\O 





t— 
\© 
oO 
wn 
Lam 
La 
Oo 
co 











) Leipfick + - - - = 2.260 BN Bud 

| Lubeck += = - = 1908 I 9,8 

i Nuremburg - - - 2227 2. or9 | 
Bavaria - + = = = 954 O 11,4 
Vienna = - - = = 1053 I 0,6 
Bononia + = = - - 2147 eee 
Dunkirk - *, - = 1903 lL. Os% 
Florence + = = = 1913 1a ST 






AA TABLE 





Sek 252 358 , STEStE RS So Opes haar ge! Sissi ste Pee iting Tease hig tg eee 21S (See eee ee ee eateess tee SEE ke oS seg ag tee $j cpp zisisissigry 





























PAE VAP ee Pires es vif 
a co i: 


a nngmjehatmunt claws 


i” { 33 J 
A Taste of the foreign Weights compared with the 
Engle Pound Avoirdupos, divided intd 100 equal 

Parts. |. ' | | 


matt ate bea i 


ame 


mpelickarsee 
Roaapebomechng pueda 


os 


Srnrasie _ 
and Papas eave sage henge up asec 


erry 
he 


apes 


Places. 





Lancotrute (ile .'e!> hs. 
Paris > 6. [= 8 
Lyons = ~ = = = 
Boulogne - - = = = 
Amfterdam = «+ = = 
Antwerp - BE teaittare 
Leyden - 
Lorrain - = = = = 
Mecklin = = = = 
Middleburg - = - 
Strafbourg - = 


Bremen - = = = = 


Cologn - 2 = = - 
Frankfort = 
Hamburgh + - - 
Leipfick - + - = 
Nuremburg - - - 
Vienna - - - = = 
Caftle - - = = = 
Lifbon - 2° = «= = 
Gibraltar - - + = 
Toledo - - = = = 
Rome = - -*= = = 
Bononia = <= = = 





Florence 





; ‘ 
Ch€lPathtars 



















| Places. 






Florence -~ - «+ = 
Naples - - «= = = 
Genoa - = - = <4 
Mantua - - - = -- 
Milan~ = =~ = = 
Parma |b s-o 8 ni Sie 
Venice\;- = = =i '- 
Dantzick- -~ =< = 
Copenhagen - -' = 
Prague - - = = - 
Catto.) fe) Sein Site sae 
Conftantionople - - 









See Harris’s Lexicon Technicum. 


| The inftances above recited, evidently fhew that 
" 3 fimilar meafures of length, capacity, and weight, 
muft neceffarily contribute to the mutual benefit of 
all nations. 


Tl H E Bhar: 


E.RGR A TAs 


Page 2, Line .g, for refer, read refer. 


12, for i, read is, . ~ 
8, 7, for exiftante, read exiftetices 
9s 4, for fubftances, read fubftance. 


23, 4, for contents, read content. 


OBR era teeter aente 


SepS ses tet pists totedererntee teers 
. BHR RREH ROHR R A sees gH AINE SRE EH GRRE RRR EA eee mieten 


rarer 






















| TT i} TTT TT TTT TTT nasa 
| LAAT ATA TANTRA ATTN HHT HI HA LTTE AANA ATA AAT Will AAAI | 
Hi HANH WANA HAIN HANAHAN HH HH Hl HII AAA i MA HINA THAT AH HANI HATA AANMUNHAAANIAN AI 


WT ATA TTATTTATH ATA ALNASATH {I\| AAT WAHT A tm HTTP WTA ATP UAHA ATA AGATA TATA 
| | 1] | | | WH] 

















HAA Lisa NA | TAA i 
WA HI HHH WA Ny i LU MOUUITAVUUUUOVUEVVUUGUVHOOUUEOOGUQUUFHUULELLUGHBEUESUUGOGOOEUEEEEEONUUSVEOVUUGBOQOUOGTGUUGOLQUUOQQOQOQOQUVORUEUUOUTUTOAUINCQHOAE IVUUUOAENUUOHTIE AANA | Al HHH x 
}]] |] LLL LUT UU Lil SEReEEe = 
HHH {| HW \11] TTT ALIN NTMI HU VUGITUIVONTTVECGWTOUHVORABHOGHAVARTOOHTTVNVONITRVANNOVINGIN TTT TTT ATTATNUTT TITAN ; } a 
| 1 11) MUDD) WT | HHT ||| | HHI WHT HHH} HI | I} WAH HHH] \|] | {|| | WH WT) 
NAHI Hi WAIHI HI I AHTTVTHHH| NH | HH HHT] WII ATT HI HAHIH iI HHH ATH ATTA ATTA HAA HTT | TATA TTT PTET PE HIN] TAH 
WANT | | 
| | WAH] 


Hi \| MALAITA HA HTH HHI HAT HiHHHh tt Hi AAA FHA UTTAR | HA HAINII Hal HI WHAIANI | il Nl Mt An ATI 











WATT | i] WTI | || 

WALA Hh AAAI MHA AANA HH AN Hl Mi i VT HANIA HAH AAA AANA Hin FAA LEAT AAT 

| Hl i] A ll AAA HUTTE AH WAH] || HM Ht HHI TAA ETT WA WHIT ) HI NANI HA Hii] WAT ATHATHH IAN 
AULT Lt 
































I 
| = VUTVAUTVOROUUAUUPOUUOGEATOGUGOUEDEGEVOENEOVONULOUUOWEQUOUEQUGOQOGHOG AVUATTVOUVVEAAUVUGUITRUUGUROUUOQUOUOUUGQUUGOUUIH EVCTEMATOTEUEURUUHRIVCET CVA ASU OER HV SVU HAEOOSEUU UOTE 
| | x 

Wil & Q 








> HH] | HH 1} 
% WLU VU 

















TOTAAIIOADAD/NVAIDABAMAUDATAAATFATIORAATIOTNITITITINANIIT 
| WII} PTAA AAAI 
YET LTT 
| ATA AA 













































WHIT] 
bx | WUT N 
fe HA Mt y 
© i i Atl ) if i |S 
i HN | | AU Nl her iH aa Mi dA 
| Hil | SRT A Hl HII | | HAAN HHI Wl ANAT AMT | | | Wi ul 






Hi I} HANH IH HA Hit] 


= HA mM ia 
re PTT 


HH] NT WHT i} MMA 


































































































iil i il ii 


MUI 



































SEH Hetefeteipeeduereteenysesnsteatity Ht: ; 
sietieyes eeabicethiass ets t nShIEE ee ¢ tye gists sereH x — tee shee) i a 2 ‘ 
BUHU SR BUSHLESS BRRRERSE SRE BES SSE AY Rie BB ht) 


NTN TATA ATATATATATANATATANTT AAA 





Ld S44) et 4 > se >: " > 
SEATS SS BILE Sabb eee aaa | 
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Llate 11. 
































os 2 SE TETSN ECE aah: 
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La od 



























































oc TIE OT LE ETL POE 




















ee a ae = s - 
: Sen eats at * = . - x olen eee ee ~ nes ss > 
Tt ins oe ee tO ay See Paty Ae a Nagin age Samet awe lo aapeonoe ee eee he hs mien a . - Fp mots denny Mg nh aco -— a + - Poke 


SH re yw eee on Ae ee to bale t 5 a = Lane om 
av ina. a 98a AR GN Vy enya Roe me —< ~ as - - . “he obi me 


ides sogehaonrceieani eae? pokey see : 
a aly ew : ‘ Se EE 

- ™ Pujannges Se plemenadats 
err ad 


ere 
Se a et Ma 
—_ Se Ne yc 





